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D E ~ ' l ' I o I 0  WITH SODIUM 

Donald A. svalheim and C. J. Stapf, Jr. 

E. I. du Pont de Nemours & Co., Inc. 
Wilmlngton, Delaware 

Improving t h e  q u a l i t y  of coke oven naphthalene by 
t r e a t i n g  t h e  product with sodium t o  remove s u l f u r  compounds and 
other impur i t i e s  I s  of commercial importance t o  ph tha l i c  anhydride 
producers and o the r  consumers of  naphthalene. The treatment o f  
naphthalene with sodium I s  d i sc losed  i n  a pa ten t  i s sued  i n  1930 
t o  G.  Schroe ter  (U. S. Patent  1,763,410). Sodium has been used 
commercially t o  remove s u l f u r  compounds, such as thionaphthenes, 
for a number of years .  The ava i l ab le  data, however, are 
inadequate t o  serve as the basis f o r  designing a continuous 
process for l a rge-sca le  ope ra t ion .  This study was undertaken 
t o  develop data on r e a c t i o n  rates and o the r  f a c t o r s  e s s e n t i a l  
In prepar ing  prel iminary des ign  f o r  a continuous process.  

AMOUNT OF SODIUM REQUIRED FOR DESULFURIZATION 

naphthalene (74OC mel t ing  p o i n t )  was t r e a t e d  w i t h  d i f f e r e n t  amounts 
of sodium t o  determine the  amount requi red  t o  achieve e s s e n t i a l l y  
complete d e s u l f u r i z a t i o n  under ba tch  condi t ions .  A 100 g .  sample 
o f  the naphthalene was added t o  a 500-ml. round-bottom flask 
equipped wi th  a hea t ing  mantle and r e f l u x  condenser. After the 
naphthalene had reached a temperature of about 21OoC, the sodium 
was added. The mixture was maintained a t  the  r e f l u x  temperature 
of about 217OC. dur ing  the r e a c t i o n  period. The contents were 
then r a p i d l y  d i s t i l l e d  and the sodium-treated naphthalene was 
analyzed f o r  s u l f u r  us ing  t h e  Parr bomb method. 

I n  the i n i t i a l  s e r i e s  of t e s t s ,  crude coke oven 

The r e s u l t s  are given i n  Table  I. I n  the  first fou r  
experiments, the sodium used was i n  d i spe r s ion  form; i n  t h e  las t  
th ree  t e s t s ,  the sodium was i n  1/8-in. t o  1/4-in, cubes. 
r e s u l t s  show that 2% by weight of sodium added as a d i spe r s ion  is 
very e f f e c t i v e  i n  reducing the s u l f u r .  The s u l f u r  i s  reduced from 
8000 ppm. t o  about 70 ppm. i n  30 min. I n  60 min,, it i s  reduced 
t o  about 5 ppm. The poor r e s u l t s  obtained w i t h  so l id  sodium 
can be a t t r i b u t e d  t o  t h e  small su r face  a r e a  o f  sodium in d i r e c t  
contac t  w i t h  the naphthalene,  

Additional t e s t s  were made ' t o  determine amounts of sodium 
requi red  t o  desu l fu r i ze  h ighe r  p u r i t y  78oC. naphthalene. 
obtained wi th  1$ and 2% by weight of sodium as a d i spe r s ion  a re  
shown graphically in Figure 2. These tests were conducted at 
1870~.  as compared wi th  t h e  r e f l u x  temperature of 217OC. i n  the 
earlier experiments. The a d d i t i o n  of 1% sodium, based on weight 
of crude naphthalene, reduces the sulfur content from 5000 ppm. 
t o  approximately 160 ppm. i n  70 min. 
removing 98.6s o f  t h e  s u l f u r .  
was g r e a t e r  w i t h  2$ by weight of sodium. 

The 

Resul t s  

This is equiva len t  t o  
The reduct ion  i n  su l fu r ,  as expected, 
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I W I X E N C E  OF SODIUM PARTICLE SIZE ON DESULFURIZATION 

Additional tes ts  were made t o  ob ta in  more data on the 
inf luence  of  the p a r t i c l e  s i z e  o f  sodium. 
melt ing over the range of  740 - 78OC. serves  as an ideal medium 
f o r  d i spers ing  sodium. 
funct ion as very e f f e c t i v e  d ispers ing  agents .  
containing 50% sodium/50$ naphthalene were prepared by subjec t ing  
the  mixture t o  high shear a g i t a t i o n  wi th  the  temperature 
maintained a t  1100 12Q°C. The p a r t i c l e  s i z e  was regulated by 
using d i f f e r e n t  proport ions o f  p u r i f i e d  and crude naphthalene. 
Apparatus i l l u s t r a t e d  i n  Figure 1 was used f o r  these  t es t s .  The 
samples were taken at s e l e c t e d  i n t e r v a l s  by applying a vacuum 
t o  withdraw the vapors from the  r eac t ion  f lask.  The vapors were 
condensed i n  the sample b o t t l e  shown i n  the flask t o  the  l e f t .  

The marked e f f e c t  o f  the sodium p a r t i c l e  s i z e  is 
i l l u s t r a t e d  by the data p l o t t e d  i n  Figure 3 .  The r eac t ion  proceeds 
very r ap id ly  with the 20-micron sodium dispers ion .  For example, 
t he  s u l f u r  is reduced t o  250 ppm. i n  6 min. T h i s  is equivalent  
t o  removing 99.6% of the sulfur.  A r eac t ion  per iod of  125 mln., 
however, i s  requi red  w i t h  the 150-micron sodium d i spe r s ion  t o  
reduce the  'sulfur t o  the same l e v e l ,  

Crude naphthalene 

The impurities o r  fore ign  components 
Dispersions 

CONTINUOUS DESULFURIZATION W I T H  OVERFLOW TYPE REACTOR 

Data der ived from batch-type experiments and r eac t ion  
rate s tud ie s  ind ica ted  that  the s u l f u r  should be reduced t o  a low 
concentrat ion w i t h  a continuous feed, continuous overflow reac to r  
having an average hold-up t i m e  of 3 h r .  A s e r i e s  of  t e s t s  was 
made by continuously feeding crude naphthalene and 2$ by weight 
of sodium (added as a 50$ d i spe r s ion  i n  naphthalene) t o  a well-  
a g i t a t e d  r eac to r  having an average hold-up time o f  3 hr .  A r e s i n  
ke t t l e  of  1500 m l .  capaci ty ,  of t he  type previously descr ibed i n  
Figure 1, was used f o r  t h i s  series of tests.  The crude 74OC. 
naphthalene and the 5074 sodium d i spe r s ion  were fed i n t o  the reac'tor 
by g rav i ty  from graduated cy l inde r s .  Samples of t h e  overflow 
product were co l lec ted  a t  i n t e r v a l s  and analyzed f o r  s u l f u r .  

desu l fu r i za t ion  can be obtained w i t h  t h i s  type of continuous 
system. 

The r e s u l t s  given i n  Table I1 show that  very e f f e c t i v e  

CONCENTRATING THE RESIDUE FROM THE SODIUM-TREATED NAPHTHALENE 

The sodium-treated naphthalene conta ins  about 4% - 8$ 
res idue  and high bo i l ing  f r a c t i o n s  depending on the degree of p u r i t y  
of t he  crude naphthalene.  S u b s t a n t i a l l y  a l l  of t h e  pure 
naphthalene content of the  crude must be recovered f o r  economic 
reasons.  However, no data have been a v a i l a b l e  on the  heat 
t r a n s f e r  and phys ica l  c h a r a c t e r i s t i c s  of the mixture containing 
a r e l a t i v e l y  high percentage of res idue .  
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The n a t u r a l  c i r c u l a t i o n  evaporator used t o  b o i l  o f f  
The r a p i d  naphthalene from the mixture i s  shown i n  Figure 4. 

c i r c u l a t i o n  i s  accomplished b applying the requi red  heat  i n  
the  exchanger ind ica ted  by (xT. 
head and a r e  recovered from t h e  condenser (y)  shown on the  l e f t .  
The u n i t  was operated u n t i l  the mixture i n  the r e b o i l e r  contained 
about 75% residue and 25% naphthalene.  
condi t ions  i n  the hea t  exchanger were good under these  Conditions 
of  high res idue  ope ra t ion ,  With a properly designed, forced 
c i r c u l a t i o n  u n i t ,  s u b s t a n t i a l l y  a l l  o f  the naphthalene could be 
recovered. 

CHARACTERISTICS OF THE SLUDGE 

Naphthalene vapors pass over- 

The heat t r a n s f e r  

All of the naphthalene froin the 75% residue/25$ 
naphthalene mixture obtained from the n a t u r a l  c i r c u l a t i o n  r e b o i l e r  
j u s t  descr ibed was recovered by f u r t h e r  evaporation i n  a 
d i s t i l l a t i o n  flask.  The v i s c o s i t y  c h a r a c t e r i s t i c s  of  the  sludge 
a f te r  removing s u b s t a n t i a l l y  a l l  of  the naphthalene are shown 
i n  Figure 5 .  The sludge upon cool ing i s  very f l u i d  a t  temperatures 
above 1OOOC.  bu t  the v i s c o s i t y  inc reases  rap id ly  below t h i s  
value.  A t  room temperature,  i t  may be descr ibed  as semirigid 
i n  consis tency . 
COMMERCIAL EQUIPNENT FOR DESULFURIZATION 

A wide v a r i e t y  of  types of r eac to r s  f o r  desu l fur iz ing  
naphthalene can probably be considered i n  view of  the r ap id  
desu l fu r i za t ion  rates achieved using f i n e  par t ic le  s i ze  sodium 
d i spe r s ions .  For example, the  r a t e  s t u d i e s  i n d i c a t e  that  the 
hold-up t i m e  provided i n  a d i s t i l l a t i o n  column may, i n  some cases,  
be adequate.  This p resen ta t ion ,  however, i s  r e s t r i c t e d  t o  an 
evaporator  type of r e a c t i o n  system. The major steps i n  the 
process  are l i s t e d  i n  Table 111. The first s t e p  cons i s t s  of 
preparing a 50% d i spe r s ion  of sodium i n  crude naphthalene. 
d i s p e r s i o n  i s  mixed w i t h  the  crude naphthalene feed which i s  then 
continuously fed t o  a d e s u l f u r i z a t i o n  r eac t ion  vesse l .  High 
res idue  bottoms from t h i s  r e a c t o r  are pumped t o  a second 
evaporator  t o  recover the remaining naphthalene,  The res idue  
i s  discharged p e r i o d i c a l l y  from this vesse l .  The three major 
s teps  of the process are: 

The 

Dispersing Liquid Sodium i n  Naphthalene 

The bas ic  equipment requi red  f o r  t h i s  s t e p  i n  the process 
i s  i l l u s t r a t e d  i n  Figure 6 .  The high-shear d i spe r s ion  u n i t  i s  
charged w i t h  approximately equal  parts of l i q u i d  sodium and crude 
naphthalene.  Fine par t ic le  s ize  d ispers ions  are readi ly  prepared 
by a g i t a t i n g  t h e  conten ts  of the vesse l  f o r  per iods  of 5-10 min. 
The d i spe r s ion  i s  then discharged t o  a holding tank.  A continuous 
feed from this tank i s  combined wi th  the main naphthalene feed 
stream and introduced i n t o  the  evaporator o r  desu l fu r i za t ion  vesse l .  
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(B) Evaporator-Type Desulfur izat ion Reactor 

The second s t e p  of t he  process,  i l l u s t r a t e d  i n  Figure 7, 
The incoming feed i s  e s s e n t i a l l y  a continuous f l o w  system. 

( A )  and the vaporized naphthalene (B) plus the side stream (C, 
going t o  the  second evaporator are regulated t o  maintain 
approximately a 50% residue/50$ naphthalene mixture i n  t he  r eac to r .  
The vesse l  is designed t o  provide an average product hold-up 
time of 3 h r .  
v e s s e l  is about 30 mil l ion  lb./yr,  of naphthalene, assumiilg 
300 operat ing days. The mixture is pumped through the  ex te rna l  
heat exchanger a t  a rate of about 500 gal./min. which provides 
extremely turbulen t  mixing. Volume turnover i n  t h e  r eac to r  is 
approximately 18 t imesh .  The bottoms from the r e a c t o r  are . 
pumped t o  a second smaller  evaporator t o  recover the  balance of 
the naphthalene. Assuming 5% res idue  including high b o i l e r s  i n  the  
sodium-treated naphthalene, the bottoms flow rate is approximately 
one-tenth t h e  incoming feed rate. 

Through-put a t  t h i s  hold-up t i m e  w i t h  a 2500 g a l .  

( C )  

The second evaporator shown i n  Figure 8 strips 

F ina l  Naphthalene Recovery and Residue Separation 

e s s e n t i a l l y  a l l  of t h e  remaining naphthalene from the 50% 
naphthalene/50$ res idue  mixture. 
uous bas i s .  When the  res idue  l e v e l  i n  the evaporator  approaches 
the capaci ty  of t h e  ves se l ,  the feed from the first eva o ra to r  
is shut of f  t o  permit discharging the vesse l .  
capaci ty  evaporator  and a through-put rate of 30 mi l l i on  lb./yr . , 
c lean  out w i l l  be requi red  a t  approximately 8-hr. i n t e r v a l s .  

can be discharged by vacuum t o  a por tab le  tank  f o r  conveyance 
t o  an inc ine ra to r .  If t he  res idue  i s  t r a n s f e r r e d  t o  a s l a g  
p i l e  o r  o ther  area f o r  d i sposa l ,  i t  i s  advisable  t o  destroy 
small amounts of sodium i n  the mixture p r i o r  t o  discharging t h e  
res idue  from t h i s  evaporator.  Although massive amounts o f  
sodium w i l l ,  under c e r t a i n  condi t ions,  r eac t  r a t h e r  v io l en t ly  
wi th  water, commercial experience has demonstrated that f i n e l y  
d iv ided  sodium mixed wi th  i n e r t  ma te r i a l  w i l l  r e a c t  safely with 
superheated o r  dry steam i n  the  presence of n i t rogen  and no 
hazards are involved. The r eac t ion  of sodium w i t h  steam t o  form 
c a u s t i c  soda is completed i n  a matter  of minutes. 

CONCLUSIONS 

d ispers ions  w i t h  t he  s u l f u r  compounds present  i n  crude coke oven 
grade naphthalene have been demonstrated. Basic da ta  have been 
t r a n s l a t e d  t o  prel iminary design f o r  a continuous process f o r  
desu l fu r i z ing  coke oven grade naphthalene. 
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TABLE I 

DESULFURIZATION OF NAPHTHALENE 

PPM. Sulflw 
Trea t ing  After  
Time,  Min. Treatment * RUIl Tme 7 

2 Dispersion 2 60 5 
3 Dispersion 3 30 10 
4 Dispersion 4 

- No . Sodium Added Sodium Added 

1 D l  spe r s Ion 2 30 50-70 

Non-detect- 
ab le 

30 

5 Sol id  2 60 4900 
6 Solid 3 60 4300 
7 Solid 4 60 3900 

* Sulfur Content of 74O-750C Naphthalene Before Treatment-8000 ppm. 

TABLE I1 

DESULFURIZATION WITH 3-HOUR AVERAGE HOLD UP TIME 

Reactor 
Temperature 

Sulfur Content, pp-m . 
Feed Product 

$ Sulfur 
Removed 

190O-2OO0C 32C0-6 200 30 99-99 0 8 

TABLE 111 

PROCESSING STEPS IN DESULFURIZING 

1. Dispersing the Liquid Sodium 
2. 
3. Recovery of Remaining Naphthalene 

Desulfur iz ing i n  an Evaporator Vessel 

(A) Residue Separation . 
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